Human teratocarcinoma cells cultured in vitro can be induced to produce retroviruslike particles. The induction procedures are the same as those previously shown to induce the synthesis of animal retroviruses. Electron microscopical evidence is presented that the human teratocarcinoma-derived (HTD) particles are most closely related to the type C retrovirus strains. HTD particles can be banded at 1.16 g/ml in linear sucrose gradients, the characteristic density for retroviruses, and subsequently be used for negative staining and fine structure analysis.
INTRODUCTION
Retroviruses (RNA tumour viruses) are known to cause lymphomas, leukaemias and solid tumours in a number of animal species, including subhuman primates (for reviews, see Klein, 1980) . Under field conditions, the horizontally transmissible exogenous retrovirus strains can cause these tumours. In contrast, the species-specific vertically transmitted endogenous retroviruses normally remain chromosomally integrated and efficiently controlled by the host cell, with notable exceptions in certain inbred mouse strains.
At least three lines of evidence suggest that retroviruses may also exist in man. Particles with retrovirus morphology were first seen in human placental trophoblasts (Kalter et al., 1973; Dalton et al., 1974) . However, all attempts so far to grow virus-producing trophoblasts in vitro have been unsuccessful. Subsequently, human teratocarcinomas containing histologically divergent cell types have been shown to produce similar retrovirus-like particles (Bronson et al., 1978 (Bronson et al., , 1979 Kurth et al., 1980; L6wer et al., 1981) . More recently, Gallo and his co-workers (Poiesz et al., 1980; Reitz et al., 1981) and subsequently H inuma et al. (1981) were able to isolate unique infectious retroviruses from T-lymphoma cells cultured in vitro, which indicates that human T-cell lymphoma viruses (HTLV) may be aetiologically involved in certain subclasses of human T-cell lymphomas.
Retrovirus strains can be classified according to their fine morphological structure into socalled A-, B-, C-and D-type viruses (Dalton et al., 1961 ; de Harven, 1974; Frank et al., 1978) . Ctype retroviruses (for model, see Fig. 1 ) are the most commonly found in nature. In another communication, our laboratory will report that human teratocarcinoma-derived (HTD) particles can be distinguished from animal retrovirus strains by a variety of immunological and biological criteria (R. L6wer et al., unpublished results) . In this manuscript, evidence is presented that HTD particles most closely resemble C-type viruses as studied by electron microscopy. They can, on the other hand, easily be distinguished from HTLV and animal retroviruses solely on morphological grounds. 1980) from surgical explants obtained by Dr R. Harzmann (Department of Urology, Tiibingen University Clinics; Harzmann et al., 1982) . TC cells were grown in Dulbecco's medium supplemented with 15 ~o foetal calf serum, 1 glutamine and antibiotics. Because trypsin was found to be toxic for the newly established TC cells even after months in culture, transfer of cells was performed simply by shaking off the loosely adhering tumour cells from the plastic tissue culture flasks.
Particle induction. As in the case of HTLV, spontaneous synthesis of HTD particles is a rare event (Bronson et al., 1978; Kurth et al., 1980) . To increase the yield, culture medium was supplemented with 20 ~g/ml iododeoxyuridine (IUdR), 10 -6 M-dexamethasone (DXM) and 1~o dimethyl sulphoxide (DMSO). After 24 h, medium was changed and supplemented only with 10 -6 ra-DXM and 1 ~o DMSO. After another 3 to 9 days, TC cells or culture superuatants were processed further.
IUdR, DXM and DMSO, all well known to induce and/or increase the synthesis of human and animal retroviruses, also turned out to be effective in the induction of HTD particles.
HTDparticle isolation. Culture supernatants were freed from cells and debris by low-speed centrifugation (1500g for 5 min). Particles were sedimented in a Beckman SW27 rotor at 25000 rev/min for 75 min. Subsequently, particles were banded in a 20 to 55~o linear sucrose gradient in a Sorvall TV-850 vertical rotor (30000 rev/min for 120 min). Fractions with densities characteristic of animal retroviruses (1-16 to 1-17 g/ml) were diluted 1 to 6 in phosphate-buffered saline (PBS) and again subjected to pelleting (25000 rev/min for 75 min). Sediments were resuspended in small amounts of PBS.
Electron microscopy. We essentially followed the procedures outlined previously (Frank et al., 1978) . For cell and particle fixation, freshly distilled glutaraldehyde was added directly to the culture medium at a final concentration of 2-5~. Fixed cells were scraped off the plastic and embedded in agarose, followed by post-fixation with 1 osmium tetroxide in PBS, dehydration in alcohol and embedding in Epon 812. IP: 54.70.40.11
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Negative staining was done using uranyl acetate (Frank et al., 1978) . Resnspended particles were absorbed to glow-discharged, Pioloform film-and carbon-coated copper grids. Absorbed particles were subsequently exposed to a 3 to 5 s treatment with a 0.1 ~ Nonidet P40 solution, washed three times with distilled water and immediately stained with 1% uranyl acetate, pH 4-3.
RESULTS
Ultrathin sections of induced TC cells revealed the typical budding structures that are characteristic for C-type retroviruses (Fig. 2) . Intracytoplasmic A-type particles as immature forms of B-or D-type retroviruses have never been observed in our experiments. Assembly of H T D particles, including the cores, occurred just beneath and in the plasma membrane. However, there were distinct morphological differences between animal C-type and H T D particles. 'Mature' particles with collapsed cores were never observed in the case of H T D particles ( Fig. 2d and Fig. 5 ). Such particles can easily be detected in preparations of animal retroviruses. As an additional structural difference, H T D particles possessed no electron-lucent space between virus core and envelope, which is normally visible in ultrathin sections of animal C-type retroviruses (Fig. 2 ). H T D particles always revealed a homogeneously stained area between the inner, more heavily stained, ribonucleoprotein ring and the viral membrane ( Fig. 3 and 5). Careful handling during embedding normally allowed the demonstration of virus envelope spikes or knobs on the outer envelope of B-and, less reproducibly, C-type retroviruses. Such spikes or knobs were never observed on H T D particles (Fig. 3) . It remains to be elucidated whether this absence is an intrinsic property of H T D particles or the consequence of shearing forces inflicted during preparation of the specimens.
During distinguished by the structural differences mentioned above. It cannot be decided solely on morphological grounds whether phenotypic mixing occurs between retrovirus strains. Analysis of virus harvests from doubly infected TC cells suggested, however, that phenotypic mixing between H T D and other retrovirus particles represents a rare event, if it occurs at all (R. Kurth et al., unpublished results) . All five human TC lines investigated in our laboratory produced H T D particles which morphologically were virtually indistinguishable (Fig. 5) . None of the other histologically different human tumours we investigated produced or could be induced to produce any virus-like particles. H T D particles originating from the different TC lines all lacked the electron-lucent space between the outer envelope and core membrane. The diameter of the particles was approximately 120 nm, in agreement with the size of animal retrovirus strains.
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Human teratocarcinoma-derived virus particles 2553 Initial attempts to harvest HTD particles from tissue culture supernatants failed. It therefore became desirable to elucidate whether the particles are actually released from the host cells, because virus mutants with defects in the release from the plasma membrane have been described. In standard thin sections, about 20~o of the H T D particles possessed no visible connections to the neighbouring host cells. To exclude the possibility of connections which may have been outside the optical level of individual thin sections, serial thin sections were performed. Fig. 6 illustrates that almost all HTD particles were, in fact, still connected to their host cells. Released particles could only very rarely be demonstrated (Fig. 7) .
An important property of retroviruses is their characteristic density at approx. 1.16 g/ml in linear sucrose gradients. Centrifugation of about 51 of tissue culture supernatant finally allowed the electron microscopical demonstration of HTD particles banding at this characteristic density. Gradient-purified and negatively stained HTD particles exhibited the morphology typical of mammalian C-type retroviruses. HTD particles that the stain had penetrated well showed the concentric organization of the various viral membranes (Fig. 8 a to f ; 9 a) which, however, is more easily demonstrable with similarly prepared non-human mammalian retroviruses (Frank et al., 1978) , e.g. with Friend murine leukaemia virus ( Fig. 8 i and 9 b ). With this method, neither free nor collapsed, 'mature' cores could be observed, in contrast to preparations of non-human, C-type retroviruses.
Another property characteristic of animal retroviruses could also be observed with HTD particles. After detergent treatment and negative staining, an additional electron-lucent component could be seen in the tuner core ( Fig. 8 b to f,/) . It is known from other studies that this component is the frequent result of an artefact during preparation and represents an invagination of the viral membrane into the core (Fig. 8j; Frank et al., 1978) .
In agreement with results from ultrathin sections, HTD particles that were not penetrated by the stain did not exhibit surface structures which, on the other hand, were easily visible on mammalian retroviruses (Fig. 8 k) . It was also striking that HTD particles, regardless of whether or not they were penetrated by uranyl acetate, showed no difference in diameter ( Fig. 8 a to h) , whereas non-penetrated mammalian retroviruses became flattened during drying, which increased their diameter (compare Fig. 8 i and k) . As in the case of H T D particles, rare and reduced staining with uranyl acetate has previously also been observed with other C-type retroviruses, e.g. very characteristically with porcine lymphoma virus (Moenning et aL, 1974) . Human teratocarcinomas, just like the corresponding tumours of muri~ae origin, grew as continuously differentiating and differentiated cells in vitro. Their immortalization is probably secured by the presence of a fraction of undifferentiated stem cells which have the potential to divide and differentiate. Human TC lines initially grow as monolayers after transfer. Within 3 to 5 days, depending on cell density, cells locally form domes and subsequently vesicles (Kurth et al., 1980; L6wer et al., 1981) . Combination of light and electron microscopy revealed that only a fraction of the cells of the heterogeneous tumour lines produced H T D particles (Fig. 10) . Cells producing particles were most often observed in vesicles, whereby a tendency became apparent to secrete the particles into the interior cavity of the vesicles. v~ Fig. 9 . Fine structural comparison of a negatively stained HTD particle (a) with a Friend leukaemia virus (b). As in ultrathin sections, cores of HTD particles are more compact and in general show no or only a very narrow electron-lucent space between structural layers (arrows). KN, Knobs; VM, viral membrane; IC, inner coat; CS, core shell; RNP, ribonucleoprotein. See also Fig. 8 . Bar marker represents 50 nm.
DISCUSSION
Human teratocarcinoma-derived particles are morphologically most closely related to C-type retroviruses. They are assembled in a comparable fashion just beneath and in the host cell's plasma membrane. Their cores are not preformed, as in the case of B-or D-type retroviruses, but appear initially as crescent-shaped rings that become completed during the course of budding. Spikes on the viral envelope as structural correlates of the virus envelope glycoproteins could not be demonstrated, which is not unusual for C-type retrovirus strains (Thiel et al., 1977; Frank et al., 1978) .
In this communication, it is shown for the first time that: (i) H T D particles can be banded at a density of 1.16 g/ml, which is characteristic for retroviruses; (ii) H T D particles pelleted from this 1-16 g/ml fraction can be negatively stained and exhibit fine structures typical of animal retrovirus strains; (iii) HTD particles from all five human TC lines investigated always possess immature cores; (iv) the lack of mature cores is not a host cell-dependent phenomenon; (v) serial thin sections provide evidence that free particles completely released from the host cell plasma membrane are rarely observed; (vi) thin sections of cellular vesicles reveal particle production from a subset of the TC cells only, with particles often budding into intercellular spaces; (vii) invagination of the viral membrane into the inner core represents a known preparational artefact characteristic of both HTD particles and a wide range of mammalian C-type retroviruses (Frank et al., 1978) .
Placental particles bud from syncytiotrophoblasts. Evidence suggests that H T D particles are also synthesized by trophoblastic components of the differentiating, heterogeneous teratocarcinoma cultures (L6wer et al., 1981) . This would also explain the lack of demonstrable H T D particles in other tumours of the reproductive organs which we have examined, e.g. in seminomas and embryonal carcinomas, as these tumours do not contain the appropriately differentiated trophoblastic cells.
In extensive co-cultivation experiments, H T D particles, just like placental particles (unpublished data), could not be demonstrated to be infectious (R. L6wer et al., unpublished results) . Future detailed analysis of HTD particle RNA and protein may prove the particles to be genetically replication-defective. There are several examples of defective avian and mammalian sarcoma viruses which are morphologically similar to the H T D particles (Demsey et al., 1980; K awai & H anafusa, 1973; Ramsay & H ayman, 1980; Yoshinaka etaL, 1980) . H T D particles resemble particularly the defective HTG-2 murine leukaemia virus particles which lack Fig. 10 . Cellular vesicle of a teratocarcinoma cell culture (here the GH line) as seen in the scanning electron microscope (a) and a section of such a vesicle in the light microscope (b). In (c), an enlargement of an ultrathin section adjacent to that illustrated in (b) is shown. Areas producing HTD particles (often in clusters) are marked by crosses and one of these has been further enlarged in (d) and (e). envelope (glyco)proteins and possess a p65 internal protein which represents the uncleaved precursor for the core proteins (Demsey et al., 1980) . Correspondingly, HTG-2 lacks both viral knobs and collapsed, mature cores.
The possible defectiveness of HTD particles prompted us to initiate marker rescue experiments by superinfecting teratocarcinoma cells with well-characterized biologically and immunologically distinguishable animal retrovirus strains. These studies still have to be completed.
Whereas placenta-and teratocarcinoma-derived particles may eventually turn out to be biochemicaUy and immunologically related or even identical, the exogenous HTLV strains seem to be different, certainly on morphological grounds (compare this study with the electron micrographs contained in Poiesz et al., 1980, 1981 ; Hinuma et al., 1981 ; Miyoshi et al., 1981) . Nucleic acid hybridization experiments with complementary HTLV DNA did not detect proviral DNA copies in human teratocarcinoma cells (R. C. Gallo, personal communication). Owing to the very low rate of virus replication, as in the case of HTLV, one has to resort to an almost industrial-scale production of particle-containing cell culture supernatants as a prerequisite for detailed protein and RNA characterization of HTD particles. Preliminary results indicate that large-scale production of HTD particles followed by density-gradient banding allows the detection of endogenous RNA-dependent DNA polymerase (reverse transcriptase) activity, the key marker of retroviruses.
